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SURSHUWLHV FDQ EH GHWHUPLQHG GLUHFWO\ IURP LQGHQWDWLRQ ORDG DQGGLVSODFHPHQWPHDVXUHPHQWVZLWKRXW WKH QHHG WR
LPDJHWKHKDUGQHVVLPSUHVVLRQ>@7KHLQGHQWDWLRQVL]HHIIHFWLVLQYHVWLJDWHGIRUDSSOLFDWLRQDWQDQRVFDOH>@
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,QVWUXPHQWHG LQGHQWDWLRQ WHVWV UHVXOWV KDYH VKRZQ VWHHS GHSHQGHQFH RQ WKH ORDG 7KH PDWHULDOV LQGHQWDWLRQ
KDUGQHVVDQGLQGHQWHUSHQHWUDWLRQGHSWKDUHLQOLQHDUGHSHQGHQFHVIURPLQGHQWDWLRQORDG>@7KHDQDO\VHVRIWKH
VWUHVVHVKDYHDOVRUHYHDOHGVDPHGHSHQGHQFHRIUHVLGXDOVWUHVVHVRQWKHLQGHQWDWLRQORDGGXULQJLQGHQWDWLRQ>@
7KH VWUHVV PHDVXUHG E\ LQVWUXPHQWHG LQGHQWDWLRQ WHFKQLTXH LV WKH DFWXDO UHVSRQVH RI WKH PDWHULDO WR WKH
LQGHQWDWLRQ KDUG DQG VWLII LQGHQWHU SHQHWUDWLRQ LQWR WKH PDWHULDOV VXUIDFH 7KH VWUHVV ILHOG JHQHUDWHG E\ WKH
LQGHQWDWLRQSURFHVVLVKHWHURJHQHRXVDQGOHDGVWRSODVWLFGHIRUPDWLRQDQGGDPDJHLQWKHYLFLQLW\RI WKHWLS8VLQJ
+HUW]¶VWKHRU\WKHVSDWLDOGHSHQGHQFHRIWKHVWUHVVFRPSRQHQWVGXULQJLQGHQWDWLRQFDQEHHVWLPDWHGE\FRQVLGHULQJ
WKH HODVWLF FRQWDFW RI D VSKHULFDO LQGHQWHUZLWK D VHPLLQILQLWHKDOI VSDFH )RU D%HUNRYLFK WLS WKH UDWLR EHWZHHQ
PD[LPXP LQGHQWDWLRQGHSWK DQGFRQWDFW UDGLXV LV DSSUR[LPDWHO\D § K VHH)LJD7KHPHFKDQLFDOSURSHUWLHV
PHDVXUHGE\QDQRLQGHQWDWLRQWKHUHIRUHFRUUHVSRQGWRDVHPLHOOLSVRLGDOYROXPHH[WHQGLQJWRDERXWQLQHWLPHVWKH
HPSOR\HGLQGHQWDWLRQGHSWK]§D§KLQWKHYHUWLFDOGLUHFWLRQ]DQGDERXWVHYHQWLPHVWKLVVDPHGHSWKU§
D §KLQWKHUDGLDOGLUHFWLRQUVHH)LJE'XULQJQDQRLQGHQWDWLRQWHVWLQJLWLVWKHFRQYHQWLRQWRWDNHWKH
PHDQSUHVVXUHDVWKHQDQRKDUGQHVV>@


)LJ6FKHPDWLFLOOXVWUDWLRQRIDWKHLQGHQWDWLRQVKRZLQJSDUDPHWHUVFKDUDFWHUL]LQJWKHFRQWDFWJHRPHWU\>@E+HUW]LDQLQGHQWDWLRQ>@
1XPHURXVVWXGLHVDUHFRQGXFWHGWRLQYHVWLJDWHWKHHODVWLFSODVWLFLQGHQWDWLRQVWUHVVILHOGHPSOR\LQJWKHVSKHULFDO
LQGHQWHUV+HUW]
VWKHRU\DVPRVWUHOLDEOHRQHVXSSRUWHGE\ILQLWHHOHPHQW)(PHWKRGV>@2QO\IHZRIWKHP
DUHGHVFULELQJLQGHQWDWLRQEHKDYLRURIKDUGPDWHULDOV>@
7KH UHVXOWV RI LQGHQWDWLRQKDUGQHVVPHDVXUHPHQWVSHUIRUPHG RQ D UDQJH RI EULWWOH VROLGV GHPRQVWUDWH WKDW WKH
LQGHQWDWLRQSUHVVXUH LV LQGHQWHU VKDSH LQVHQVLWLYH RYHU D ZLGH UDQJH RI JHRPHWULHV2EVHUYDWLRQV DQG QXPHULFDO
FDOFXODWLRQV LQGLFDWH WKDW WKHSODVWLF ]RQH H[KLELWV VSKHULFDO V\PPHWU\ UHJDUGOHVV RI LQGHQWHU JHRPHWU\ DQG WKDW
LGHQWLFDOSODVWLF]RQHERXQGDULHVGHYHORSIRUVSKHULFDODQG9LFNHUVS\UDPLGDOLQGHQWDWLRQVRIHTXDOYROXPH>@
7KHUHVLGXDOVWUHVVIURPLQGHQWDWLRQLVRQO\WKHSDUWRIZKROHUHVLGXDOVWUHVVDSSHDULQJLQWKHYLFLQLW\RIPDWHULDO
VWUXFWXUHGXHWRWKHWKHUPDOH[SDQVLRQGLVPDWFKRIWKHFRPSRQHQWV:LWKLQFUHDVHRILQGHQWDWLRQORDGWKHUHVSRQVH
RI WKHPDWHULDO LWVDELOLW\WRZLWKVWDQGLQGHQWDWLRQLQFUHDVHVDVZHOODQGOHDGWR WKHODUJHUDPRXQWRI WKH UHVLGXDO
VWUHVVWRUHVLVWWKHSHQHWUDWLRQRIWKHLQGHQWHULQWRPDWHULDO
7KH ILUVW DWWHPSWV WRPHDVXUH WKH UHVLGXDOVWUHVVHV LQEULWWOHPDWHULDOVZHUH WDNHQPDQ\GHFDGHVDJRDQGDOORI
WKHP DUH LPSOHPHQWHG E\ FRPSDULVRQ RI VWUHVVHG DQG VWUHVVIUHH VSHFLPHQV >@ 5HFHQWO\ WKH )( PRGHOLQJ
PHWKRGZDVSURSRVHG IRU GHWHUPLQDWLRQ RI UHVLGXDO VWUHVVHV IURP VWUHVVHG VSHFLPHQZLWKRXW QHHG RI FRPSDULVRQ
ZLWKVWUHVVIUHHPDWHULDO7KLVPHWKRGLVIRXQGWREHUHOLDEOHDQGDSSOLFDEOHIRUEULWWOHPDWHULDOVDOVR>@
3UHVHQW VWXG\ LV WKH ILUVW VWHS LQ PHDVXUHPHQW RI WKH UHVLGXDO VWUHVVHV RI 7L&EDVHG ZLWK )H1L DQG 1L0R
ELQGHUVFHUPHWVDQGVHSDUDWHO\FDUELGHDQGELQGHUSKDVHV7KHFRQYHQWLRQDO:&ZW&RKDUGPHWDOZDVXVHGDV
UHIHUHQFHPDWHULDOIRUEHWWHUFRPSDULVRQRIWHVWLQJUHVXOWV
([SHULPHQWDOSURFHGXUH
7KHQDQRLQGHQWDWLRQ WHFKQLTXH0LFURPDWHULDOV1DQR7HVW V\VWHPZLWK XVHRI%HUNRYLFK LQGHQWHU WLS UDGLXVRI
DERXWQPZDVXVHGIRULQGHQWDWLRQRIVWXGLHGPDWHULDOV$WOHDVWRQHKXQGUHGLQGHQWDWLRQVZHUHPDGHIRUHDFK
ORDGUDQJLQJIURPXSWRP17KHVWHSRILQGHQWDWLRQYDULHGGHSHQGLQJRQORDGDQGZDVPLQLPXPRIȝP
IRUP1DQGPD[LPXPRIȝPIRUP1ORDG/RZHULQGHQWDWLRQORDGVEHORZP1ZHUHQRWXVHGDVLW
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EHFDPHYHU\GLIILFXOW WRPDNHRXW WKH LQGHQWVZLWKGLDJRQDO VL]H VPDOOHU WKDQȝP VHH)LJDQG$QRWKHU
FRQVLGHUDWLRQZDV WRXVH ODUJHHQRXJK ORDGV WRHQVXUHVXIILFLHQWSODVWLFZRUNRI LQGHQWDWLRQFRPSRQHQW :SDUHD
ZLWKLQORDGGLVSODFHPHQWLQGHQWDWLRQFXUYHDVWKHHODVWLFFRPSRQHQWLVKLJKIRUFDUELGHSKDVH

)LJ6(0LPDJHRIWKHQDQRLQGHQWDWLRQLPSULQWVZLWKFRUUHVSRQGHQWKDUGQHVVDQGHODVWLFPRGXOXVYDOXHVDRQ:&ZW&RE\P1
ORDGERQ7L&ZW)H1LE\P1ORDG

)LJ6(0LPDJHRIWKHQDQRLQGHQWDWLRQLPSULQWVZLWKFRUUHVSRQGHQWKDUGQHVVDQGHODVWLFPRGXOXVYDOXHVRQ7L&ZW1L0RE\P1
ORDG
7KHLQGHQWDWLRQWHVWVZHUHFRPSOHPHQWHGE\VFDQQLQJHOHFWURQPLFURVFRS\6(0DQGDWRPLFIRUFHPLFURVFRS\
$)0VWXGLHVRILQGHQWVWRYHULI\WKHVL]HVRILQGHQWVPHDVXUHWKHVLQNLQRUSLOHXSDQGSODVWLFDOO\GHIRUPHG]RQH
DQGGHILQHFDUELGHDQGELQGHUSKDVHLQGHQWV7KHVFDQQLQJHOHFWURQPLFURVFRSHV=HLVV(920$DQG+,7$&+,
70DQG$)0
0DWHULDOVVWXGLHG
7ZR7L&EDVHGFHUPHWVRQHZLWKLURQQLFNHODQGRWKHUZLWKQLFNHOPRO\EGHQXPELQGHUDQGFRQYHQWLRQDO:&
&R KDUGPHWDO DUH LQYHVWLJDWHG 7KH PDLQ PHFKDQLFDO SURSHUWLHV DORQJ ZLWK FRPSRVLWLRQ DQG PLFURVWUXFWXUDO
SDUDPHWHUVFDQEH IRXQG IURP7DEOH$OOPDWHULDOVZHUHSURGXFHG LQ3RZGHU0HWDOOXUJ\/DERUDWRU\DW7DOOLQQ
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8QLYHUVLW\ RI 7HFKQRORJ\ 7KH WHVWSLHFHV ZHUH SURGXFHG WKURXJK FRQYHQWLRQDO SUHVV DQG YDFXXP VLQWHU DQG
VLQWHU+,3IRU67SRZGHUPHWDOOXUJ\DFFRUGLQJWR$670%7KHQVSHFLPHQVZHUHSUHSDUHGWRIROORZLQJ
GLPHQVLRQVZLGWKîKHLJKWîOHQJWKîîPP
7DEOH&RPSRVLWLRQPHFKDQLFDOSURSHUWLHVDQGPLFURVWUXFWXUDOSDUDPHWHUVRIFDUELGHFRPSRVLWHVWHVWHG
&RPSRVLWLRQDQGPLFURVWUXFWXUH 0HFKDQLFDOSURSHUWLHV
*UDGH
&DUELGHZW %LQGHUZW
$YHUDJH
FDUELGHJUDLQ
VL]HGJȝP
7UDQVYHUVH
UXSWXUHVWUHQJWK
57=03D
9LFNHUV
KDUGQHVV
+903D
(ODVWLF
PRGXOXV(
*3D
)UDFWXUH
WRXJKQHVV.,&
03DÂP
3RLVVRQ
UDWLRȞ
+ :& &R      
67 7L& )H1L      
7$ 7L& 1L0R      

)LQDOO\VSHFLPHQVZHUHJURXQGDQGSROLVKHGRQFORWKZLWKȝPGLDPRQGSDVWHWRDVXUIDFHURXJKQHVVRIDERXW
5D ȝPRQ WZR VLGHV PHDVXUHGDORQJPPRI WKHVSHFLPHQE\ WKH6XUWURQLF DSSDUDWXVXVLQJ&5 ILOWHU
2SSRVLWHJURXQG IDFHVZHUHSDUDOOHOZLWKLQPP ,QRUGHU WR UHPRYH VXUIDFHFRQWDPLQDQWV WKH VDPSOHVZHUH
FOHDQHGLQDOFRKRODQGGULHGE\FRPSUHVVHGDLU
7KHUPDOUHVLGXDOVWUHVVHV
$V WKHKDUGPHWDOV DQGFHUPHWV DUH WKHFDUELGHFRPSRVLWHPDWHULDOVFRQWDLQLQJ WZRYHU\GLIIHUHQWSKDVHVZLWK
GLIIHUHQW FRHIILFLHQWV RI WKHUPDO H[SDQVLRQ &7( WKH PLVPDWFK LQ &7( EHWZHHQ FDUELGHV DQG ELQGHUV FDQ EH
WKHRUHWLFDOO\FDOFXODWHG7KHSRZGHUPHWDOOXUJ\URXWHVXVHKLJKVLQWHULQJWHPSHUDWXUHVIURP&IRUFHUPHWVXS
WR&IRUKDUGPHWDO7KHWKHUPDOUHVLGXDOVWUHVVıWKFDQEHIRXQGIURP

ıWK Į(77VȞ  
ZKHUH Į±LVWKHWKHUPDOH[SDQVLRQFRHIILFLHQW&
 (±<RXQJ¶VPRGXOXV*3D
 7±LVWKHVKULQNDJHWHPSHUDWXUH&
 7V±LVWKHVLQWHULQJWHPSHUDWXUH&
 Ȟ±LVWKH3RLVVRQ¶VUDWLR

7KH ODUJHVW WKHUPDO VWUHVV LV FDOFXODWHG WR DSSHDU LQ7$FHUPHW HTXDO WRFRPSUHVVLYH*3D7KH ORZHVW
WKHUPDOVWUHVVLVIRXQGWREHLQ+KDUGPHWDO*3DDQG67FDQFRQWDLQUHVLGXDOWKHUPDOVWUHVVDVKLJK
DV*3D'HSHQGLQJRQVXUIDFHWUHDWPHQWDQGKDUGPHWDOFRPSRVLWLRQWKHWRWDOFRPSUHVVLYH UHVLGXDOVWUHVVFDQ
UHDFK  *3D >@ )RU VWXGLHG PDWHULDOV WKH YDOXHV RI FDOFXODWHG UHVLGXDO WKHUPDO VWUHVVHV VHHPV WR EH TXLW
UHDVRQDEOH
$QDO\WLFDOSURFHGXUH
7KHDLPRIWKHVWXG\ZDVWRILQGDVLPSOH\HWSUHFLVHHQRXJKSURFHGXUHWRREWDLQWKHUHVLGXDOVWUHVVHVEDVHGRQ
WKHUHVXOWVRI LQGHQWDWLRQVIURPVLQJOHVSHFLPHQZLWKRXWQHHGWRFRPSDULVRQZLWKVWUHVVIUHHVSHFLPHQ7KHPDLQ
LGHD LV TXLW VLPSOH 7KHUH LV D GLIIHUHQFH EHWZHHQ YDOXHV RI WKH SURMHFWHG FRQWDFW DUHD $ IRXQG IURP WKH
IXQGDPHQWDOUHODWLRQVKLS

+ 3$  
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DQGSURMHFWHGFRQWDFWDUHD$FFDOFXODWHGXVLQJWKHLQGHQWDWLRQUHVXOWVE\

$F KI  
:HH[WUDFWWKHUHSUHVHQWDWLYHVWUDLQİ5IURPGLIIHUHQFHLQWKHSURMHFWHGFRQWDFWDUHDYDOXHVDFFRUGLQJWR

İ5 $F$$  
2JDVDZDUDHWDO VKRZHGWKDWDEVHQW UHVLGXDOVWUHVVWKHRSWLPXPYDOXHRI WKH UHSUHVHQWDWLYHVWUDLQIRUD
%HUNRYLFKLQGHQWHULVİ5 7KLVYDOXHLVDVSHFLDOFDVHYDOLGIRUıUHV ,IWKHUHSUHVHQWDWLYHVWUDLQDSSURDFKLV
DSSOLFDEOH WR VWUHVVHG VSHFLPHQV ZH PXVW QRZ GHWHUPLQH İ5 ıUHV LH GHWHUPLQH KRZ WKH UHSUHVHQWDWLYH VWUDLQ
YDULHVZLWKWKHUHVLGXDOVWUHVV
7KHUHSUHVHQWDWLYHVWUDLQFDQRQO\EHGHWHUPLQHGQXPHULFDOO\IRUHDFKıUHVVLQFHWKHUHLVQHLWKHUDGLUHFWSK\VLFDO
PHDQLQJWRİ5QRUDFORVHGIRUPVROXWLRQDYDLODEOHIURPZKHUHWKHSDUDPHWHUFDQEHH[WUDFWHG>@
3ORWWLQJ WKH WHVW DQG FDOFXODWLRQ UHVXOWV RQ WKH SORW ZLWK D[HV KDUGQHVV + DQG UHSUHVHQWDWLYH VWUDLQ İ5 ZH
UHFHLYHORJDULWKPLFGHSHQGHQFHIURPZKLFKWKHRSWLPXPYDOXHFDQEHIRXQGDWWKHKDUGQHVVHTXDOWR]HUR1RZWKH
UHVLGXDO GHSWKV RI WKH LQGHQWDWLRQ FDQ EH IRXQG E\ VXEVWLWXWLQJ WKH RSWLPXP UHSUHVHQWDWLYH VWUDLQ YDOXHV LQWR WKH
HTXDWLRQWRFDOFXODWHWKHUHVLGXDOSURMHFWHGFRQWDFWDUHDV$FFRUGLQJWRWKHUHFHLYHGUHVLGXDOGHSWKVWKHUHVLGXDO
KDUGQHVVFDQEHHDVLO\IRXQGIURPJUDSKLFDOGHSHQGHQFHVDYDLODEOHIRULQGHQWDWLRQWHVWVDQGWKHQE\H[FOXVLRQRI
WKHUHVLGXDOKDUGQHVVIURPH[SHULPHQWDOO\UHFHLYHGYDOXHVWKHUHVLGXDOVWUHVVUHVSRQVHWRLQGHQWDWLRQFDQEHIRXQG
,WZDVGHPRQVWUDWHGE\ -<DQHW DO  WKDW WKH UHSUHVHQWDWLYH VWUDLQ İ5 LVGHSHQGDQW IURPLQGHQWHU VKDSH
WKHUHLVGHFUHDVHRIWKHVWUDLQYDOXHVZLWKLQFUHDVHRIWKHLQGHQWHUFHQWHUOLQHWRIDFHDQJOHDQGDOPRVWLQGHSHQGHQW
IURPQRUPDOL]HGUHVLGXDOVWUHVVıUHVı\>@$VWKHGHSHQGHQFHRI WKHQRUPDOL]HGUHVLGXDOVWUHVVIURPLQGHQWHU
VKDSHLVDYDLODEOHWKHVSKHULFDOFDYLW\VROXWLRQFDQEHXVHGIRUGHWHUPLQDWLRQRI WKH\LHOGVWUHVVDQGUHVLGXDOVWUHVV
YDOXHVDVIROORZV

Sı\ OQȕ  
DQG
(ı\ ȞȕȞ  
ZKHUH S±LVWKHLQGHQWDWLRQSUHVVXUH
ȕ±LVWKHUHODWLYHSODVWLF]RQHVL]H

7KHUHODWLYHSODVWLF]RQHFDQEHGHILQHGDV WKHUDWLRRI WKHSODVWLF]RQHYROXPH9DQGWKHLQGHQWDWLRQYROXPH
ǻ9RUDVWKHUHODWLRQRISODVWLF]RQHUDGLXVEWRLQGHQWFRQWDFWUDGLXVDDVIROORZV

ȕ ED 9ǻ9  
7KHUHVXOWVRIUHVLGXDOVWUHVVHVFDOFXODWLRQVDUHVKRZQLQWKHWDEOH
7DEOH5HVXOWVRIWKHUHVLGXDOVWUHVVDQDO\WLFDOSURFHGXUHIRULQGHQWDWLRQDWP1
*UDGH 5HODWLYHSODVWLF]RQHȕ <LHOGVWUHVVı\03D 5HVLGXDOVWUHVVıUHV03D
+   
67   
7$   

7KHSODVWLF]RQHUDGLXVZDVPHDVXUHGE\$)0IURPLQGHQWVVXUIDFHVVHH)LJ7KHWRSRJUDSK\DOVRVKRZHGWKH
WUDFHVRISODVWLFGHIRUPDWLRQDURXQGWKHLQGHQWVHYHQIRUFDUELGHJUDLQVVKRZQLQ)LJ

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
)LJD$)0LPDJHRILQGHQWRQ7$DWP1ORDGEFURVVVHFWLRQWRSRJUDSK\RIVDPHLQGHQW
)URP)LJE LWFDQEH VHHQ WKDW WKHSODVWLFDOO\GHIRUPHG]RQHVL]H LVTXLWH ODUJHDQGDW WKDWSDUWLFXODUFDVH LV
DURXQGȝPZLGHU WKDQ LQGHQW VL]H7KHKHLJKWRI WKHSLOHXS LV DERXW QP WKDW
VRQH ILIWK RI WKH LQGHQW ILQDO
SODVWLFGHSWK

)LJD$)0'LPDJHIURP7$FHUPHWVXUIDFHLQGHQWHGDWP1EVDPHLQGHQWRQWKH6(0LPDJHPDUNHGE\GDVKHGOLQH
2QWKH'$)0WRSRJUDSK\LWHYHQFDQEHVHHQWKDWWKHLQGHQWLVORFDWHGLQWKHFHQWUHRIODUJH7L&FDUELGHJUDLQ
)LJDDQGLIFRPSDUHGZLWK6(0IURPWKHVDPHVSRWLWFDQEHVHHQWKDWWKHLQGHQWLVLQWKHFRUHRIWKHGRXEOH
FDUELGHVWUXFWXUHVHH)LJE
7KHLQGHQWDWLRQVDWORZORDGVP1DOORZHGGLVWLQJXLVKLQJWKHLQGHQWVPDGHRQFDUELGHJUDLQVDQGRQELQGHU
5HVXOWVDQGGLVFXVVLRQ
7KHUHVXOWVRIWKHDQDO\WLFDOSURFHGXUHIRUUHVLGXDOVWUHVVHVGHWHUPLQDWLRQLQWKH7L&EDVHGFHUPHWVDQG:&&R
KDUGPHWDO DV UHIHUHQFHPDWHULDOKDYH VKRZQ WKDW WKLV VLPSOH WHFKQLTXH LV DSSOLFDEOH IRU EULWWOHPDWHULDOV5HVXOWV
DSSUR[LPDWLRQIRULQGHQWDWLRQVRIKLJKHUORDGVOLNH9LFNHUVDQGNJIDUHTXLWHDGHTXDWHDQGDUH
*3D FRPSUHVVLYH VWUHVV IRU +  *3D IRU 67 DQG  *3D IRU 7$$V ZH FDQ VHH WKH
PDJQLWXGHRI WKHREWDLQHG UHVLGXDO VWUHVVHV IRU DOOPDWHULDOV DUH LQ JRRG DJUHHPHQWZLWK WKHRUHWLFDO YDOXHV RI WKH
WKHUPDOVWUHVVFDOFXODWHGSUHYLRXVO\7KHORZHUYDOXHVRIWKHUHVLGXDOVWUHVVHVIRUQDQRLQGHQWDWLRQFDQEHMXVWLILHGE\
WKHIDFWRIPDWHULDOUHVSRQVHWRLQGHQWDWLRQORDG:LWK LQFUHDVHRIORDGWKHHIIHFWRIUHVLGXDOVWUHVVHVZLOOEHPRUH
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SURQRXQFHG$OWKRXJKLWPXVWEHPHQWLRQHGWKDWZHKDYHQRWGRQHDQ\YHULILFDWLRQVRIWKHUHVLGXDOVWUHVVYDOXHVE\
PRUHFRQYHQWLRQDOPHWKRGVOLNH;5'RUVWUHVVHYDOXDWLRQIURP),%6(0VHJPHQWVRIWKHPDWHULDO7KRVHDUHWKH
SODQVIRUIXWXUHZRUN
7KHDWWHPSWWRPHDVXUHWKHUHVLGXDOVWUHVVHVIRUHYHU\SKDVHRIWKHFDUELGHVHSDUDWHO\KDYHVKRZQWKHUHODWLYHO\
JRRGUHVXOWVDOVR,QFDVHRIVHSDUDWH:&DQG&RSKDVHVWKHGLIIHUHQFHLVQRWRQO\LQPDJQLWXGHDQG
03DUHVSHFWLYHO\EXWDOVRLQVWUHVVW\SH±FRPSUHVVLYHIRU:&DQGWHQVLOHIRU&R>@7KHUHVLGXDOVWUHVVHVZLWKLQ
:&SDUWLFOHDUH UHSRUWHG WRGLVWULEXWH IURPKLJKFRPSUHVVLRQ WR WHQVLRQ >@:HREWDLQHG WKHGLVWULEXWLRQRI WKH
UHVLGXDOVWUHVVHVLQWKHFRUHULPVWUXFWXUHVRIWKH7L&FDUELGHJUDLQV7L&0R&IRU7$FHUPHWDQG7L&)H&IRU
67 FHUPHW IURP FRPSUHVVLRQ WR WHQVLRQ OLNH LW ZDV SUHYLRXVO\ VKRZQ IRU:& FDUELGH 8QIRUWXQDWHO\ WKH
GLVWULEXWLRQRI WKH VWUHVVHV LV VRZLGH WKDW LW LV QRWSRVVLEOH WRPDNH DQ\FRQFOXVLRQVEDVHGRQ WKRVH UHVXOWV7KH
UHVLGXDOVWUHVVHVYDULHGIURPWR*3DIRU:&JUDLQVDQGWR*3DIRU7L&JUDLQVLQERWKFHUPHWV$V
LWFDQEHVHHQLWLVDOPRVWLQVDPHPDJQLWXGHEXWRIGLIIHUHQWW\SHRIVWUHVV7KHGLVWULEXWLRQRIWKHUHVLGXDOVWUHVVHV
IRU7L&FDUELGHVLVPXFKFRPSOLFDWHGFRPSDUHGZLWKWXQJVWHQFDUELGHVEHFDXVHRIWKHFRUHULPVWUXFWXUHVHH)LJ
EDQGQRW\HWXQGHUVWRRGFRPSRVLWLRQRI WKHULPLQWKHFDUELGHJUDLQV7KHERUGHULQJDUHDVFDQEHVHHQEHWZHHQ
WKHFRUHDQGULPVWUXFWXUHVWKHUHWKHFRPSRVLWLRQFDQEHTXLWHGLIIHUHQWIURPERWKRIFRUHDQGWKHULPFRPSRVLWLRQV
GXHWRGLIIXVLRQSURFHVVHVGXULQJVLQWHULQJDQGWKHUPDOWUHDWPHQWRISRZGHUPDWHULDOV
7KHQH[WVWHSLQWKHDQDO\VLVRIWKHUHVLGXDOVWUHVVHVIRUGLIIHUHQWSKDVHVLVWKH)(PRGHOLQJWHFKQLTXHDSSOLFDWLRQ
E\SURFHGXUHGHVFULEHGLQ WKH>@:HH[SHFWPXFKPRUHSUHFLVHO\REWDLQHGGLVWULEXWLRQRI WKHVWUHVVHVLQ WKH
VWUXFWXUHVRIFDUELGHJUDLQV
&RQFOXVLRQV
$VLPSOHDQDO\WLFDODSSURDFKLVXVHGIRUUHVLGXDOVWUHVVHVHYDOXDWLRQEDVHGRQWKHUHVXOWVRIWKHLQGHQWDWLRQWHVWV
DWWKHQDQRVFDOHQDQRLQGHQWDWLRQ5HVLGXDOVWUHVVHVFDQEHFDOFXODWHGEDVHGRQWKHDVVXPSWLRQRIWKHGHJUHHRIWKH
UHSUHVHQWDWLYH VWUDLQ İ5 DULVLQJ GXULQJPDWHULDO WHVWLQJ UHVSRQVHRI WKHPDWHULDO WR LQGHQWDWLRQ GHSHQGHQFH IURP
UHVLGXDOVWUHVVıUHV7KHUHVLGXDOVWUHVVFDOFXODWLRQFDQEHGRQHE\LQGHQWDWLRQUHVXOWVRIRQO\RQHVSHFLPHQ7KHUHLV
QRQHHGIRUFRPSDULVRQZLWKVWUHVVIUHHVSHFLPHQDV LW LVDVVXPHG IRURYHUUHVLGXDOVWUHVVGHWHUPLQDWLRQPHWKRGV
7KHPDLQ DVVXPSWLRQ RI İ5 RI VRPH YDOXH LV FKDUDFWHULVWLF WRPDWHULDO DW WKH VWUHVV IUHH VWDWH ıUHV   LV XVHG LQ
FDOFXODWLRQ5HODWLYHO\ODUJHQXPEHURILQGHQWDWLRQVDWWKHGLIIHUHQWORDGVPXVWEHFRQGXFWHGWRREWDLQPRUHSUHFLVH
UHVXOWV
7KHILUVWDWWHPSWV IRUHYDOXDWLRQRI WKH UHVLGXDOVWUHVVHVRI WKHFDUELGHDQGELQGHUSKDVHVFRUHULPVWUXFWXUHLQ
FDUELGHFRPSRVLWHVDUHPDGH7KHGLVWULEXWLRQRIWKHVWUHVVHVYDULHGIURPWR*3DIRU:&JUDLQV:&
ZW&RKDUGPHWDODQG WR*3DIRU7L&JUDLQVLQERWKFHUPHWVWHVWHG7L&1L0RDQG7L&)H1LZLWK
DQGZWRIELQGHUUHVSHFWLYHO\2EWDLQHGVWUHVVHVYDULHGQRWRQO\LQPDJQLWXGHEXWDOVRLQW\SHRIVWUHVVIURP
FRPSUHVVLYHWRWHQVLOHLQERWKW\SHVRIFDUELGHVLQYHVWLJDWHG1RUHODWLRQVEHWZHHQVWUHVVHVDUHIRXQGLQGHSHQGHQFH
RIFDUELGHJUDLQVWUXFWXUHGXH WRFRPSOH[LW\RIFRUHULPVWUXFWXUHVDQG ODFNRI UHOLDEOH WHVWGDWD QDQRLQGHQWDWLRQ
UHVXOWV
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\WKH(VWRQLDQ0LQLVWU\RI(GXFDWLRQDQG5HVHDUFKSURMHFW6)VDQG
WKH(VWRQLDQ6FLHQFH)RXQGDWLRQJUDQW1R,DPJUDWHIXOWR3K'/DXUL.ROORDQG'U-UL3LUVRIURP3RZGHU
0HWDOOXUJ\ /DERUDWRU\ RI 7DOOLQQ 8QLYHUVLW\ RI 7HFKQRORJ\ IRU SURYLGLQJ WKH WHVW PDWHULDOV DQG SHUVRQDO
FRPPXQLFDWLRQV 3K' 9DOGHN 0LNOL LV DOVR DFNQRZOHGJHG IRU KHOS LQ $)0 DQDO\VLV FRQGXFWLRQ DQG YDOXDEOH
GLVFXVVLRQV



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